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PRESSUREMEASUREMENTSONAN WIVE-CYLINDERBODY

ATMACHNUMBER4.04

ByDouglasR. LordandEdward

SUMMARY

F.Ulmann

—

Pressure-distributiontestsonan ogive--cylinder
andwithoutlongitudinalspoilers~re madeata Mach

configurationwith
numberof4.04anda ——

Reynoldsnumber,basedonbodylength,of 19X 106. ThePresenceOfthe.
spoilerscausednonoticeablechangeinthebcdypressuresin regions
whichcontributethegreatestamountofbodynormalforce.Theexperi-

. mentalpressuresoverthesmoothbcxlygaveexcellentagreementat an
angleofattackof0°withthecharacteristictheorypredictionsand

.

agreedfairlywellonthewindiardsideofthebodyat-anglesofattack
A up to 30°withthehypersonicapproximationincludingtheeffectsof

centrifugalforce.A regionof separatedcrossflowovertheleeside
ofthebcdywasindicatedby thepressuremeasurementsandb-ya surface-

-.:

flow-visualizationtechnique.Thesectioncross-flowdragcoefficients
determinedfromtheflowaboutthecylindricalafterbdywereingod
agreementwith
whenthecross

thedragcoefficients-ofan unsweptcircularcylinder
componentoftheMachnumberwassupersonic.

INTRODUCTION

Preliminaryforceandmomenttestsonan ogive-cylinderconfigu- “ .._
ration- a proposedbcdyshapeoftheHermesA-2missile- ata Machnum-
berof4.04weremadetodeterminewhethera reductionoccurredin therate
ofnormal-force”increasewithincreasingangleofattacksimilartothe
reductionobservedwhenthecross-flowReyuoldsnumberreachedthecrit-
icalrangein subsonicnormalflow. Inanticipationofthiseffectitwas=. .L~
proposedtousespoilersonthebody. Thesespoilers-wouldcausea sepa- .:_
rationoftheturbulentboundarylayerwhichwouldinc”reasethenomal
forceoverthebcdynoseandwouldpermittheuseof smallercontrol/sur-
facesfora givenangle-of-attackchange.Thesetestsshowedno reduc-

● tionin thenormal-force-curveslopewithincreasingangle
showedthatthepresenceoflongitudinalspoilershadonly

. onthenormalforceandthecenter-of-pressurepositionon

ofattackand
a smalleffect “
thebody.AS an .-..
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extensionofthosetests,an inv”estigationwasconductidintheLm-gley
9- by 9-inchMachnumber4 blowdownt~el t:odetermi@thepressure
distributionsonthesmdothbcdyas compared-tothogepredictedbythe
availabletheories.Anotherpurposeoftheinvest5.gationwastodeter-
minewhetherspoilers,havinga maximumspam@.sepro~ectionQf0.044
bodydiameters,wouldctiuse any-compensatingeffec~s”ogthepressures“
over.thebcdysurfacewhichwouldnotappear;intheforcemeasurements.
Totalpressuresweremeasuredinthevicinityoftheb–@yandliquid
filmtestsweremadeonthebodysurfacetoinvestigate.separation..._
effectsintheleeofthebody. Themdels *re testedatangles-of.:
attackupto 30°ata Machnumberof4.04,andata Re@oldsnumber,
basedonbodylength,of19x 106.
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SYMBOLS ‘“ ....-:>-. ....

streamstaticpressure.,
..— — :->— ,_ :.- _<

totalpressure
,. .=.. .— —, 9

●

streamMachnumber .-
~y ,i

componentofstresmMachm.mbernormaltomo&l axis
.

.:

ratioofspecificheats

streamdynamicpressq

(1.4)
.-

ofair

(Z@)72”- ..

localstaticpressureonsurfaceofmciiel .- ,---- :,
,-.

()
PZ-P

pressurecoefficient
q

.-

incrementofpressurecoefficientaieto,angb-”o-fattack”-’-”‘-”’ ‘‘“=;
—

Oo iiplaneof,angleofattack’:”,.”. -~cylindricalcoordinates’(6=
andonthewindwafiside) .— . --

angleofattack
.— -.— -,

—

minimumanglebetw&enstreamdirectionand.a Qane tansentta..~-U_~..“~~~
bodysurfaceat a specifiedpoint ,-- .—
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b
R Reynoldsnumber,basedonbodylength

5 R= cross-flowReynoldsnumber,
thevelocityandthebcdy

z btiylength

cd sectiondragcoefficientof
c

basedonthenormalcomponentof
diameter

a qticularcylinder

APPARATUSANDTESTS

ThetestswereconductedintheLangley9- by 9-inchMachnumber4
blowdowntunnel.Forthese.testsa pressure-regulatingvalveheldthe.
settling-chsmberpressureat.2X pounds-persqwre inchabsolute.This
pressureandthecorrespondingairtemperaturewerecontinuously
recordedon filmduringeachrun. Theabsolutehumidityoftheairused

-6wasalwaysbelow9.0x 10 poqnds”ofwatervaporpe’rpound”ofdryair.
●

Thebasicogive-cylindermodelwas9 incheslong~d hada maxi-
mumdiameterof1 inch(fig.1). Twopressure-distributionmodelswere”‘

. constructedby theGeneralElectricCOMPEUIY)onea smoothb~y of revo-
lutionandtheotherhavingspoilerswitha maximumspanwiseprojection
of0.044inch(seefig.’2). Eachmcxielhad35pressureorificesof .
0.052-inchdiameterlocatedin onelongitudinalandfivecircumferential
rows,as tabulatedin figure1. The orificeswerecohnected.toa
mercury-manometerboardandthepressureswererecordedphotographically.
Anothermcdelwithoutspoilersororificeswasconstructedby theLangley
laboratoryforflow-visualizationtestsandwaslatermodifiedby the
installationofa total-pressuretubemountedfromthesurfacetodeter-
minewhetheraxialseparationhadoccurredinthelee-ofthebdy. The
noseofthistubewaslocatedat the72.2-percent-body-lengthstation
andwas0.19bcdydiametersfromthemodelsurfaceas shownby the
dotted-outlinein figure.1.

,. -

....

All threemcxielsweremountedon 5/8-inch-diameterstingssothat
theWses ofthemdels were3 inchessheadofthesupportstruts

....

(seefig.3). Angle-of-attackchangesweremadeby rotatingthe mdel .. _ .
inpitchabouttheone-half-b6dy-length_position. d

Thepressure-distributionmcdelsweretestedatanglesofattack
ofapproximately0°,5°,10°,15°,20°,and30°. Thepressure-
distributionmodelwithoutspoilerswastestedwiththelongitudinal

. rowoforificesmountedat e = 0°,45°,90°,1800,225°,and”2’70°;
—.

whereasthemodelwithspoilerswastestedwiththe”longitudinalrm —



4

locatedonlyat e = 0° &d 1800.
.—-...

Flow-vi&alizationtestsLwerewe
onthesmoothmodelby usingthechina-clay””surface-fiow-visualization
techniqueofreference1 at anglesofattackof0°,59,10°,20°,
and30°. Total-pressuresurveysweremade~4round@e_sqoot~mgdelat”
anglesofattackof15°,20°,“and30°. A schlierenphotographwastaken
duringeachrunandthetruesmgleiofattackwe~”.determinedfromthe”
schlierennegativesbyuseofan opticalco~arator.‘.Thechangesin __
angleofattackduetotheaerodynamicl“oad’s”were“fo&d”tobe neglig-
ible. TheReynoldsnumberbasedon
tests.

PRECISION

bodyiehgthw–as~~”x106forall

OFDATA

Theflowconditionsinthetunneltest.sectionaredescribedin
reference2. TheweekshockswhichwerefoWndto exlst”ti”thetest ‘
sectionhavea localizedeffectonthemcik$lpressure~-whichwillbe ‘~
pointedoutlater.Theaccuracyofthepreksurecoefficientspres@ed,
whenthelocaleffectsofthetunnelpresstiirregultiritiesareQeg-_
lectedjisabout-W.01.Thisvalue
accounttherepeatabilityofpoints
andcomputingmethcdsused.

RESULTSAND

wasdeterminedby:%akinginto ‘“
andtheIJmita’tiori&ofthemeasuring

—

DISCUSSION

Effect-ofspoilers.-Figure.4presents~hec.irc~erentialpres-~
suredistributionsat 35.>percent-b~ylengfi-”fromthl+.rnis~ileQose ;.
forbothmodels.No effectofthespoilers,“whichproject0.028baly
diametersatthisstation,couldbe identifudhereorat anyother
station,thevariationinpressurecoefficientatanypointbeingwithin
theaccuracy-ofthemeasurements.Thechangeinpress~ecoefficient
neartl+espoilerlocationwhichmightbe efiectedinconjunctionwith
theveryslightincrease”innormalforcefouiklinthepreliminary@sts
wasnotobserveddueto the-lackof orifice~‘inthisr%gion.~is lack
of orificesintheimmediatevicinityofthespoilers.isnotconsidered
significant,sincechangesinpressureQt..thesidesof=thebodyhave
littleeffectonthebodynormalforcedue+6 thesmallprojectedarea”-
overwhichtheyact. Iftheactionofthe8jjoilershadcausedanylarge
changein theno-l forceof.thebody,the’tiressures‘i&asuredby the—
exi~ting.orificesip.theleeofthebodywou~dhavech~ngedconsiderabl~.
Thenom.al-forceandpitching-mowntcoefficients.determinedfromthe
integratedpressuredistributionsoverthebarebOWW@rein excellent
agreement~th thecoefficientsdeterminedfromthepr~imina~force
tests. -. — .+
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Comparisonofexperimentwiththeory.. Comparisonsofthee~ri- _,
mentallon~itudi~lpressuredistributionsat a = @ overthesmo~~h - “.._

-—

mdel with-thosecomputedby thesmall-disturbancemethcdofrefer-
ence3, by themethodof characteristics,andby thehypersahicapproxi-. ...
mationwithoutcentrifugalforce(reference4)arepresentedin figure5.
Thecharacteristictheoryaccuratelypredictsthepressuresoverthe
bodyandthehypersonicapproximationP = 2 sti2A givesa surprisingly.
goodprediction,althoughfailing,ofcourse,topredictanynegative
pressurecoefficients.Ifanyoftheeffectsofcentrifugalforceas. _.” .___:
presentedinreference4 wereincluded,thehypersonicapproximation
wouldgivepooreragreementwithexperimentovertheogivalBose.

Thesmall-disturbancetheorycangiveno resultsnearthenoseof “““-.
thisbdy atMachnumber4, sincetheanglebetweenthesurfacetangent
at theapexandthebodyaxisisgreaterthantheMachangle.This
theorygivesa relativelypoorpredictionofthebodyPressurecoef-

,.-

ficientsintheregionofthejunctureoftheogiveandthecylinder.
At anglesof attackthesmall-disturbancetheoryofreference3 isnot
applicable-d thecomputationsrequiredfbrthecharacteristictheory.
becomeverylaborious.Forthesereasonsthese.theorieswereusedonly
at a = OO.

A methcdforpr~cting theincrementofpressurecoefficientdue
toangleofattackhasbeendevelopedin reference5 andindependently;...~
inreference6. In thelattermethod,thelinearizedtheorywasusedto
estimatethevelocityfieldaroundthebcdy. Velocitycomponents
associatedwiththicknessandangleofattackwereindependentlycalcu-
latedandsuperimposedonthefree-stream-velocitycomponent@.The
pressuredistributionwasthenevaluatedfromtheresultantvelocity

.-

field.Theresultsofthisimprovedlinearizedtheoryinpredicting
theincrementalpressurecoefficientsat a = 5° for,se~e~lcirc~er-
entialpositionsonthesmoothbodyarecomparedin figure6 withthose
obtainedexperimentally.Thetheoreticalmethodgivesa fairpre-
dictionoftheexperimentalincrementalpressurecoefficients.

---
Com-

parisonsbetweentheexperimentalandtheoreticalincrementalpressure—
coefficientsathigheranglesofattackgavepoorer
be expected,sincetheassumptionof incompressible
inthedevelopmentofthemethodisviolatedat the
attackforthistestMachnumber.

In contrastto thepreviouslymentionedmethod
disturbancetheory,thehypersonicapproximationof

agreement,aswould
crossMachnumber
higheranglesof .

andthesmall-
reference4 canbe

usedthrou~outtheangle-of-attackrangeofthesetests.It shouldbe ~
realizedthatitspredictionsaremoreaccurateathighersupersonic
Machnumbersthanthatofthesetestsandthatit cannotpredictthe

—

pressuresintheleeofthe.body. Nevertheless,it isusedtopredict
thepressuresoverthetestbody,sinceitisthemostpracticalmethod

mm-= /.. ....—
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availableforpre”diciibg”pressures&-ogi~e-<-~linderb~ies atall
anglesofattack.Figures7 aid8 presentcompar~sonsofexperimental-”
longitudinalandsemicircumf.erentialpressure==aistribu$$oqstithWose~.
computedby thismethod.Sincethepressures”overthe”.afterb~y(see .
fig.7)arerelativelyconstant,thesemicircUmferentialcomparisonis
presentedonlyat x/1= 0.577.””-Theexperimentalpointsat x/2= 0.077
at O =-0° (fig.7)areobtainedfromthepressuredi@ributicxmonthe
moiielwithspoilers,sincetheorificeat this“positing.onthesmooth
model”wasinoperative.Theeffectofthespoilersonthepressuresat
thisorificei-sassumedtobe negligible,siqcethespoilershavea span
ofonlya fewthousandthsof’aninchat thisstati’onandarelocated
at 90°fromtheorifice.A slightincreaseinpressure.,tiear.the.
x/Z= 0.7 stationfor e = 0° and45° canbe seenin figure7 at the
higheranglesofattackasa resultofthew%.kdistur’bZincesirithe “-
tunnelwhichwerementionedinthe~ectioge~titled.“Pr~c?,$ionofDQta.l’
In figure7“thepredictionsof-thehypersonic:appro@rqa~ionwitho~t :_.
centrifugal”force“ar”e-”irifairlygoodagr”ee”fintwith.exp~rim&nt,except
at the 0 = 90° meridianOver’theafter%ody.Theinclusionofthe
effectsof centrifugalforcehasno effectonthetheoreticalpressures
at :e = OO’and90°, butimprovesthepredictionsofthehypersonic
approximatipnqat-othervaluesof .e (seefig.8), especiallyat=the___
higheranglesofattack.
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Flowseparationsadcross-floweffects.-”Thee@er&negt&lcir- ‘.:.. i=
—

cumferentialpressuredistributionsat fivelongitudinalstationsare .-.
presqtedinfigure9.forthesixtestanglep.,ofattick,Thepressu~s . ““-
increasedonthewindwardsideofthebody~th angleo~..attqck.we _ “ “a.~,~
circumferentialpressuredistributionsovertheleesid~ofthecylind-
rical afterbodyat5°and 10°angleo?attac~(figs.9(b)and9(c))
generallyreachedWximumnegative“valuesat:..e~s.c@a@ut 135° ,. -J
and225°andbecomemorepositiveat the180°‘meridian.Thispressure .:.:~=+
contourissimilar-tothoSeo%tainedin references6 to;.8onslender .~ , ,,
bodiesat lowersupersonicMachnumbersandisprobably-duetothe .—.-
actionofthetwosymmetricallydisposed”vor’t~-cesae$oc~atedwithcross- ,.“~___

—

flow~ep~rationat lowanglesof-,attack.... “ .-.

At an an Le ofattackof150-thecircumferqtialpressuredistri-‘-
7butions’qt:x z = 0.688 becameflatintheleeofthe~xiy(fig.g(d)).

Thisfl.a~teningmovedforwardalongthebciiy-<sthe=g~e ofattackwas
increaseduntilat a = 30° (fig.””~(f))allthepressuredistributions
presentedareflatintheleeofthebcxiy(additionalpointsobtained
fartherforwardbutnotpresentedshowedthat-thepressuredistribution:-
intheleeofthebodyat;a =“3“0°becameflatas far@rwa?das
x/2= 0.133).Thisflatteningoutof thecircumferentia~pressure@is-
tributionson’the.leesideofthebtiyis~rob=blya re@lt ofthe
vorticesdrawingawayfromthebody;thusthe’..effectof~_~hevofii.ces”,ou~~
thebody-surfacepressuresis~essened.“This~”phenomenon-hasbeenprevi-_
ouslydiscussedinreference9 andisattributedtothesi”mi-larity

..- --=
.-+

.,-
—
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.
betweenthedevelopmentofthecrossflowalongthebodywiththat
theflowabouta circularcylinderimpulsivelystartedfromrest.

w
Semicircumferentialtotal-pressuresurveysaroundthebmiyat

7“

of ,.

x/Z= 0.722 at 0.19baiydiametersfromthebodysurfacefor&gles of
attackof15°,20°,and30°are“presentedin figure10. Checkpaints
whichestablishedthesymmetryoftheflowabouttheangle-of-attack
plsaeweretaken.Thesuryeysat a = 15°~d 20°indicatedthatin.a
regionnear .9= 1600 theratio?f totalpressureto free-stream-pres-
surewaslowestandthattheratiobecamesomewhatgreaterat 13= 1800.
At a = 30° thetotalpressuresfroml~” to 180° were rektively c“~-
stant butatallanglestheyweremorepositivethanstream-staticpres-
sureormdel-surfacepressure.Thisfactindicatesthatthetotal- ..
pressuretubewasnotina regionof complete.~separatedaxialflow.
Theseresultsareverysimilarto thoseobtainedby themorecomplete
total-pressuresurveysof reference6 at lowerMachnumbers.

In orderto furtherstudytheflowseparationovertheleesideof
thebody,testsweremadeusingthechina-claylacquertechnique
describedin reference1. Thistechniqueindicatesin shadesof.gray

. therelativeratesofevaporationoftheoilfroma modelsurface.In ‘“’-
general,whitere’gions.ona mdel indicatehighevaporativeratesand
darkerregionslower,rates.Thetestsat a = 0° and a . 5° didnot

. showanyevidenceofflowseparationandarenotpresent%d.Thephoto-
graphsofthemodelfollowingrunsat anglesofattackof 10°,20°,
and30°arepresentedinfigure11. Thephotographsshowthesurface
ofthemodelbetweenthe e = 0° and e = 180U positions.Themcdel- .“
surfaceappearance,however,wasgenerallysymmetricalwithrespectto
theangle-of-attatiplane.On the-a= 10°photograph(fig.n(a))
thenoseregionappearedtohavea surplus”coatingof oil,as evidenced
by thestreakedappearance.0nthea=20° anda= 30° photographs~
(figs.n(b) and11(c))thehighshearstressesontheundersideof
thenosecausedthechina-claylacquercoatingtobe blownoff.

Inthe a = 10° photograph&longitudinaldarklineis seen ““..
startingnearthe 19= 1800 meridianforwa~andslopingdownto the ‘-
e = 90° meridian”aftwhichprobablyindicatesthelineofcross-flow
separationsimilarto thatreportedin reference6. Thisconclusion
isreachedsince,at thepointof cross-flowseparation,thecross-
flowvelocitybecomeszeroat thebmiysurface,whiletheaxialcorn-.
ponentofthevelocitydoesnotseparate.Thusalongthislinethe
rateofevaporationoftheoilfromthechina-claycoatingwouldbe
lessenedanda darklinewouldappear.Theareaabovethislineindi-~.
catesa somewhatslowerrateofevaporationthanbeXowtheline(see
especiallyfiguren(b)),aswouldbe expected.As theangleofattack

. wasincreasedfrom10°to 20°,theregionofcross-flowseparation
apparentlymovedforw%dall“thewayto thenoseGf.themodeland“the ““
circumferential-extentof theseparatedregionontheafte”rbodydecreased;”.

.- .--_—
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Furtherincreasingtheangleofattackto 30°causedlittlechangein
the.cross-flow-separationregionnearthe”nose,althou~theseparati.
regionontheafterbcdycontinuedtoWuinisli.Thede~reaseincircum-”
ferentialextentoftheseparatedre@.onon-’weafter~ayisalsofidi-
catedh the,circumferentialpressure.distri~utions(fig.9)by the
decreaseinextentoftheflatpartsofthecurvesfor~thex/z=0.638
stationastheangleofattackapproached30°. Inadd~tionto thesepa--
rationboundaries,theflowstudiesindicatedfourotherlongitudinal
linesintheseparatedregion,twooneithersideofthe (3= 18oo
meridianofthebody. TwooftheselinesareevidentIn figuresn(a)
andn(b) andarebelievedtobe causedby tiievortice~”inthesep’arat~-
region.

Zn ordert.ocheckthesimilarityofthecrossfltiaroundthe-bciiy
to two-dimensionalflowarounda-circularcy~inderjthesectionnormal.
forcecoefficientsforthe68.8-percent-bodyllength”st~tion.wereda~er~--”
minedfromthepressuredistributionsonthe”plainbodyandthe
cylindrical-sectioncross-flawdragcoefficientswere._tiendetermined
forthecrosscomponentsofMachnumberatvariousanglesofiattack.A
plotofthecylindrical-sectioncross-flowdragcoefficientsagainstthe”
crosscomponentofthestreamMachnumberforthe68.8>percent~body=len@-~--:
stationispresentedin figure12. Whenthiscurveis..$omparedti~hth~
curveofthedragcoefficientofan unsweptcircularcylinderagainst
Machnumbertakenfrcmreference10,thetwo“curvessh6wgod agretient
atMachnumbersgreaterthan1.0,despiteth+large.differencesinthe.
.Reynoldsntiberofthetestsandthediffe~-ticesinthetestprocedures.
At Machnumberslessthan1.0,thereisa largedifference.inthetwo
curves,probablyasa resultofa combinatioriofthree”effects.First,
aspointedoutinreference6,atanglesof-attackofa%out5°and100..
(correspondingto Mc = 0.35 and Mc = 0.70 inthe-presenttests)
thecrossflowabouta bcdyofrevolutionis-similart~”theflowatiout”-“
a circularcylinderstartingfromrest--andhavingtraveledinsufficient-
timeforthedevelopmentof”steady-statefloti.Reference11 showsthat
thedragofa circularcylinderstartedfrcm”restfirs~”increasestoa
valueabouttwicethesteady-statevalueandthendecreasestothe
steady-statevalue.Thusitwouldbe expect’edthatthecross-flowdrag
coefficientsat lowcross-flawMachnumberswouldbe ctisiderablyhigher”
thanthoseobtainedby Stanton(reference10)andthat:thevaluesofthe
cross-flowdragcoefficiwtswoulddecreas.e’llndapprticlthettio-
dimensionaltestvaluesathigherMachnumbers,as is ~hownin figuti”12.
A secondeffectwhichprobablyyreventsthepressured$stributionqabout
thebodyat lowanglesofattackfrombeingtiulyrepresentativeof
cylindricalcrossfloweven“atthe68.8perc~tbodyle-ngthstationis
theeffectoftheratherbluntnose.As a thirdpossiblereasonfor
someof.thedisagreement,itshouldbepointedoutthatdeterminingthe
sectioncross-flowdragcoefficientsfromthe~sectionno-l-forcecoe~~
ficientsat the.lowanglesofattackconsideibblyampli-fiestheorigim”l
inaccuracies.inmeasurement.

—-..
..—-,-,
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CONCLUSIONS

9

-b

Analysisofpressure-distributiontestsofan ogive-cylinderwith
andwithoutlongitudinalspoilers,atMachnumber4.04anda Reynolds
numberof 19x 106indicatedt~at:

1.Thepresenceofthelongitudinalspoilerscausedno noticeable
changeinthepressures.recofiedoveitheregionsofthebodywherethe
pressurescontributethegreatestsmounttothebcxiynormalforce.

2.At anangleofattackof0° theexperimentalpressuresonthe
smoothbcii.yagreedve~”wellwiththepredictionofthecharacteristic
theoryandfairlywellwiththepredictionsofthesmall-disturbance
theory.

3. Theimprmedlinear-theorymethodofNACATN 2044gavegood
predictionsoftheincrementalsmooth-bcdypressuresduetoangleof ...
attackas longas thecross-componentoftheMachnumberwasinthelow

‘ subsonicrange.

4.Thehypersonicapproximationwithcentrifugalforcegaveq good
predictionofthe”pressuredistributionoverthetindwardparts.ofthe j..
smoothbd.ythroughouttheangle-of-attackrangeofthetests.

>.Surface-flow-visualizationtestsverifiedtheindicationofthe-
pressuremeasurementsas to theexistenceandmovementofa regionof
cross-flowseparationovertheleesideofthesmoothbcdy.

6. Whenthecross-componentoftheMachnumberwassupersonicthe
sectioncross-dragcoefficientsdeterminedfromtheflowaboutthe
cylindricalafterbodyat anglesofattackagreedquitewellwiththe
dragcoefficientspreviouslyfoundforunsweptcircularcylindersin
superscmicflow.

LangleyAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

LangleyField,Va.

.
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